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Description

[0001] The invention relates to a bioelectrical impe-
dance analysis, BIA, system and a method for determin-
ing a body impedance, in particular by means of a BIA
system. More specifically, the invention relates to a BIA
system implemented in a portable electronic host device
with an accessory device.

[0002] Bioelectricalimpedance analysis, also denoted
as body impedance analysis, may for example be used to
determine biological parameters of a body, for example a
human body, in particular a body fat percentage or an-
other biological parameter related to an impedance of the
body.

[0003] For BIA, two-terminal measurement methods
may be applied. US 2014/051940 A1 relates to an appa-
ratus and method for obtaining physiological measure-
ments of a user, such as performing a BIA, using ear-
located sensors comprised in a pair of earphones and a
portable device configured to perform BIA.

[0004] A disadvantage of such methods may be a
reduced measurement accuracy due to a contact resis-
tivity between electrodes of a BIA system and the skin of
the user of the BIA system.

[0005] Approaches to implement a BIA system based
on four-terminal measurement in a portable electronic
device may suffer from the factthat only a limited distance
between individual electrodes of the BIA system, in par-
ticular of the four-terminal measurement arrangement,
may be realized due to the given size of the portable
electronic device. This may lead to a decreased mea-
surement accuracy, in particular of the determination of
the body impedance.

[0006] Itis therefore an object to provide an improved
concept for performing BIA by means of a portable elec-
tronic device with an improved measurement accuracy.
[0007] This object is achieved by the subject-matter of
the independent claims. Further implementations and
embodiments are the subject-matter of the dependent
claims.

[0008] In the following, the expression "connected"
includes at least "directly connected" and "switchably
connected".

[0009] According to the improved concept, two elec-
trodes of a four-terminal sensing arrangement of a BIA
system are implemented on an outside of a portable
electronic host device, while two further electrodes of
the sensing arrangement are implemented on an outside
ofan accessory device connectable to the host device via
a data cable. A current is driven through a body of a user
of the BIA system via one electrode of the host device and
one electrode of the accessory device and a resulting
voltage indicative of the body impedance is measured by
means of the two remaining electrodes. A BIA circuitry
comprised by the host device is configured to determine
the body impedance depending on the sensed voltage.
[0010] According to the improved concept, a BIA sys-
tem comprising a portable electronic host device and an
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accessory device connectable to the host device via a
data cable is provided. The BIA system further comprises
a first and a second electrode arranged on an outside of
the accessory device for contacting a first and a second
contact area of a body of the user, respectively. The BIA
system further comprises a third and a fourth electrode
arranged on an outside of the host device for contacting a
third and a fourth contact area of the body, respectively.
The BIA system, in particular the host device, further
comprises a BIA circuitry being connectable to the first
and the second electrode via a first and a second line of
the data cable, respectively.

[0011] The BIA circuitry is connected to the third and
the fourth electrode and is configured to drive an alter-
nating current through the body via the first and the third
electrode. The BIA circuitry is further configured to sense
a voltage indicative of a body impedance of the body via
the second and the fourth electrode and to determine the
body impedance depending on the sensed voltage.
[0012] According to the invention, the host device is
implemented as a mobile phone, a smartphone, a tablet
computer, a notebook computer or a portable media
player, for example a portable music player.

[0013] Accordingtotheinventionthe accessory device
is implemented as an earphone device.

[0014] The earphone device may comprise ear speak-
ers, earphones, earbuds, headphones, circumaural
headphones, circumaural earphones, supra-aural head-
phones or supra-aural earphones.

[0015] The firstand the second electrode are arranged
on the outside of the accessory device, for example the
earphone device, for example such that the user may
establish a contact between the first and the second
electrode and the first and the second contact area of
his body, for example by applying the first and the second
electrode to the first and the second contact area, re-
spectively, and/or by touching the third and the fourth
electrode.

[0016] In the invention, the first and the second elec-
trode are arranged on respective positions of the ear-
phone device to contact the first and the second contact
area when the user wears the earphone device.

[0017] In this way, a contact between the first and the
second electrode and the first and the second contact
area, respectively, may for example be established with-
out any specific action by the user being necessary.
[0018] The third and the fourth electrode are arranged
onthe outside of the host such that the user may establish
a contact between the third and the fourth electrode and
the third and the fourth contact area of his body, for
example by applying the third and the fourth electrode
to the first and the second contact area, respectively,
and/or by touching the third and the fourth electrode.
[0019] According to some implementations, the third
and the fourth electrode are comprised by a component
of the host device such as a housing, a case, a frame, a
cover or a back-cover. In particular, the third and the
fourth electrode may be implemented as respective me-
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tal parts of said components of the host device and may
be electrically isolated from each other.

[0020] According to the invention, the third and the
fourth electrode are arranged on the outside of the host
device such that a contact between the third and the
fourth electrode and the third and the fourth contact area,
respectively, is established when the user holds the host
device in his hand.

[0021] Consequently, a seamless determination of the
body impedance may be achieved by means of the
improved concept. In particular, the current may be dri-
ven, the voltage may be sensed and the body impedance
may be determined by means of the BIA system during
regular usage of the host device and the accessory
device by the user.

[0022] The contact areas of the body may in particular
be respective areas on the skin of the body.

[0023] The described arrangement of the four electro-
des corresponds to a four-terminal arrangement for sen-
sing the body impedance. Therein, the first and the third
electrode correspond, for example, to force connections
or current leads of the four-terminal arrangement, while
the second and the fourth electrode correspond, for ex-
ample, to sense connections or voltage leads of the four-
terminal arrangement.

[0024] According to some implementations, the BIA
circuitry is configured to sense the voltage indicative of
the body impedance by measuring an amplitude value of
a voltage dropping across the second and the fourth
electrode and a phase shift, in particular a phase shift
between a phase of the alternating current driven through
the body and the sensed voltage, in particular the voltage
dropping across the second and the fourth electrode.
[0025] Itis highlighted that, according to the improved
concept, the body impedance and the biological para-
meter are for example neither determined nor evaluated
by the accessory device depending on the sensed vol-
tage, but exclusively by means of the host device. The
accessory device for example solely provides the first
and the second electrode.

[0026] This arrangement may have the particular ad-
vantage that no processing unit, such as a microcontrol-
ler unit, necessarily has to be provided in the accessory
device.

[0027] Since the first and the second electrode are
arranged on the accessory device, while the third and
the fourth electrode are arranged on the host device, a
spatial separation of the first and the third electrode as
well as a spatial separation of the second and the fourth
electrode may be increased. In particular a length of an
electrically conducting path between the first and the third
electrode as well as between the second and the fourth
electrode may be increased. This may lead to an im-
proved accuracy of the four-terminal sensing and con-
sequently to an improved accuracy of the determined
body impedance.

[0028] Accordingto someimplementations, the acces-
sory device is implemented as or comprises a wristband,
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an ankle-band, a belt or a chest belt.

[0029] According to some implementations of the BIA
system, the BIA circuitry comprises an interface unit
configured to drive the alternating current through the
body and to sense the voltage indicative of the body
impedance.

[0030] According to some implementations, the inter-
face unit is further configured to determine an amplitude
value of the sensed voltage and a phase shift of the
sensed voltage with respect to the alternating current.
The interface unit may, forexample, be implemented as a
dedicated biometrical circuit, in particular a biometrical
integrated circuit.

[0031] According to some implementations of the BIA
system, the interface unit is configured to determine the
body impedance depending on the amplitude value and
the phase shift.

[0032] According to some implementations of the BIA
system, the BIA circuitry comprises a processing unit of
the host device configured to determine the body impe-
dance depending on the amplitude value and the phase
shift.

[0033] According to some implementations, the pro-
cessing unit corresponds to or is comprised by an appli-
cation processor of the host device, in particular if the
host device is implemented as a smartphone, a tablet
computer or a portable media player.

[0034] According to some implementations of the BIA
system, the BIA circuitry, in particular the processing unit,
is configured to determine at least one biological para-
meter of the body depending on the body impedance.
[0035] According to some implementations of the BIA
system, the BIA circuit is configured to determine the at
one least biological parameter by means of one or more
lookup tables relating the determined body impedance to
the at least one biological parameter. The at least one
lookup table is, for example, stored in a storage unit of the
host device.

[0036] According to some implementations of the BIA
system, the at least one biological parameter comprises
atleast one of the following: abody fat percentage, BFP, a
fat mass, FM, a total body water value, TBW, a fat-free
mass value, FFM, a lean body mass value, LBM, a body
cell mass, BCM, an extracellular mass, ECM.

[0037] According to some implementations of the BIA
system, the BIA circuitry, in particular the interface unit,
comprises a voltage sensing unit for sensing the voltage
indicative of the body impedance.

[0038] According to some implementations of the BIA
system, the voltage sensing unit comprises a first term-
inal connected to the fourth electrode and a second
terminal connectable to the accessory device via the
second line.

[0039] According to some implementations of the BIA
system, the BIA circuitry, in particular the interface unit,
comprises a current source for driving the current through
the body.

[0040] According to some implementations of the BIA
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system, the current source comprises a first terminal
connected to the third terminal and a second terminal
connectable to the accessory device via the first line.
[0041] According to some implementations of the BIA
system, the first electrode is connected to a ground
terminal of the accessory device and the second terminal
of the current source is connected to a ground terminal of
the hostdevice. When the accessory device is connected
tothe host device viathe data cable, the firstline connects
the ground terminals of the accessory device and the host
device to each other.

[0042] According to some implementations of the BIA
system, the firstline is useable as a ground line when the
accessory device is connected to the host device via the
data cable.

[0043] Consequently, the first line may advanta-
geously be used as a ground line and as a line for
supplying the alternating current from the host device
to the accessory device simultaneously.

[0044] According to some implementations of the BIA
system, the second electrode is connected to the second
line via a switch of the accessory device when the ac-
cessory device is connected to the host device via the
data cable. The second terminal of the voltage sensing
unitis connected to the second line via a switch ofthe host
device when the accessory device is connected to the
host device via the data cable.

[0045] In suchimplementations, the second line of the
data cable may advantageously be used for sensing the
voltage indicative of the body impedance selectively with
another usage of the second line. For example, the
second line may be used as a microphone line or speaker
line when the switches of the accessory device and the
host device do not connect the second terminal of the
voltage sensing unit and the second electrode to each
other.

[0046] According to some implementations of the BIA
system, the first electrode is connected to the first line via
a further switch of the accessory device when the acces-
sory device is connected to the host device via the data
cable. The second terminal of the current source is con-
nected to the first line via a further switch of the host
device when the accessory device is connected to the
host device via the data cable.

[0047] According to some implementations of the BIA
system, the accessory device comprises a control unit,
for example for receiving a control input from the user,
and the first and the second electrode are arranged on an
outside of the control unit.

[0048] The control unit may, in particular if the acces-
sory device is implemented as an earphone device, be
implemented as a volume control unit of the accessory
device and/or as a control unit for accepting, ending
and/or rejecting a telephone call, in particular if the host
device is implemented as a mobile phone or a smart-
phone.

[0049] In such implementations, the user may touch
the first and the second electrode if the user intends that
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the BIA system should determine the body impedance
and/or the at least one biological parameter.

[0050] According to some implementations of the BIA
system, the data cable is implemented as an audio cable.
[0051] According to some implementations of the BIA
system, the data cable is comprised by the BIA system, in
particular by the accessory device.

[0052] According to some implementations of the BIA
system, the data cable comprises an audio jack, for
example a three-, a four-, or a five-pole audio jack.
[0053] According to some implementations of the BIA
system, the data cable comprises a USB connector, for
example a USB-C connector.

[0054] The hostdevice is, for example, connectable to
the accessory device via an audio socket of the host
device and the audio jack or via a USB socket of the host
device and the USB connector.

[0055] According to some implementations of the BIA
system, the second line is usable as a microphone line, in
particular to transmit microphone data between the host
device and the accessory device, or as a speaker line, in
particular for transmitting speaker signals between the
host device and the accessory device, when the acces-
sory device is connected to the host device via the data
cable.

[0056] The second line may, for example, be usable as
microphone line or speaker line, in particular when the
voltage sensing unit and the second electrode are dis-
connected from the second line, in particular by the
switches of the host device and the accessory device,
respectively.

[0057] Such implementations may be particularly ad-
vantageous since it is not necessary to include an addi-
tional line for the first and/or the second line to supply the
alternating current from the host device to the accessory
device or for sensing the voltage. Rather, the existing
microphone line, speaker line and/or ground line of the
data cable may be reused for these purposes.

[0058] In implementations where the second line is
usable as speaker line, the second line may simulta-
neously or selectively be used as the speaker line and
for sensing the voltage indicative of the body impedance.
[0059] According to the improved concept, also a
method for determining a body impedance using a BIA
systemis provided. The BIA system comprises a portable
host device and an accessory device connected to the
host device via a data cable. The method comprises
contacting a first contact area of a body of a user of
the BIA system with a first electrode arranged on an
outside of the accessory device and contacting a second
contact area of the body with a second electrode ar-
ranged on an outside of the accessory device. The meth-
od further comprises contacting a third contact area of the
body with a third electrode arranged on an outside of the
host device and contacting a fourth contact area of the
body with a fourth electrode arranged on the outside of
the host device.

[0060] The method further comprises driving an alter-
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nating current through the body via the first and the third
electrode by means of a BIA circuitry comprised by the
host device and sensing a voltage indicative of a body
impedance of the body via the second and the fourth
electrode by means of the BIA circuitry. Therein, the BIA
circuitry is connected to the first and the second electrode
via afirstand a second line of the data cable, respectively.
[0061] Further implementations of the method are
readily derived from the various implementations of the
BIA system and vice versa. For further details regarding
the method, it is referred to the explanations with respect
to the BIA system.

[0062] The method may for example be used for re-
creational purposes, for purposes of information and/or
further purposes that are not related to prophylaxis or
curing of a medical condition or disease. For said pur-
poses, it is further not necessary to compare the body
impedance and/or the at least one biological parameter
with reference values or medical reference values. The
method may in particular not comprise steps that allow a
detection of a medical symptom or a disease.

[0063] In the following, the invention is explained in
detail with the aid of exemplary implementations by re-
ference to the drawings. Components that are function-
ally identical or have an identical effect may be denoted
by identical references. Identical components and/or
components with identical effects may be described only
with respect to the figure where they occur first and their
description is not necessarily repeated in subsequent
figures.
[0064] In the drawings,

Figure 1 shows an exemplary implementation of a
BIA system according to the improved concept;

Figure 2 shows an exemplary use case of a further
exemplary implementation of a BIA system accord-
ing to the improved concept;

Figure 3 shows a further exemplary use case of a
further exemplary implementation of a BIA system
according to the improved concept;

Figure 4 shows a further exemplary use case of a
further exemplary implementation of a BIA system
according to the improved concept;

Figure 5 shows a further exemplary implementation
of a BIA system according to the improved concept;

Figure 6 shows a further exemplary use case of a
further exemplary implementation of a BIA system
according to the improved concept; and

Figure 7 shows a block diagram of a further exemp-
lary implementation of a BIA system according to the
improved concept.
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[0065] Figure 1 shows anexemplary implementation of
a bioelectrical impedance analysis, BIA, system accord-
ing to the improved concept.

[0066] TheBIA system comprises a portable electronic
host device H, for example a smartphone, a tablet com-
puter or a portable media player. The BIA system further
comprises an accessory device A, for example an ear-
phone device. The accessory device A has, for example,
a data cable C, for example an audio cable. The acces-
sory device A and the host device H may for example be
connected by means of the data cable C.

[0067] The host device H comprises an interface unit
IU, which may for example be implemented as an inte-
grated circuit, IC, in particular a biometric IC. The inter-
face unit IU comprises for example a current source CS
and a voltage sensing unit VS. The host device H may, for
example, further comprise an application processor (not
shown) connected for example to the interface unit IU.
[0068] The accessory device A comprises, for exam-
ple, a first component EB1, for example first speaker
component, in particular a first earbud component, and
asecond component EB2, forexample a second speaker
component, in particular a second earbud component.
The accessory device A comprises a first electrode E1
arranged on an outside of the first component EB1 and a
second electrode E2 arranged on an outside of the
second component EB2. The data cable C comprises
a first line L1 connected to the first electrode E1 and a
second line L2 connected to the second electrode E2.
The data cable C may further comprise one or more
further lines LF.

[0069] The host device H comprises a third electrode
E3 and a fourth electrode E4. The third and the fourth
electrode E3, E4 may, for example, be implemented as
respective parts of a housing, in particular a case or a
frame of the host device H. The third and the fourth
electrodes E3, E4 are electrically isolated from each
other. A first terminal of the current source CS is con-
nected to the third electrode E3 and a first terminal of the
voltage sensing unit VS is connected to the fourth elec-
trode E4.

[0070] When the accessory device A is connected to
the host device H via the data cable C, a second terminal
of the current source CS is connected or switchably
connected to the first line L1 and a second terminal of
the voltage sensing unit VS is connected or switchably
connected to the second line L2.

[0071] In operation, the first and the second electrode
E1, E2 may, forexample, contact firstand second contact
areas of a body of a user of the BIA system. The first and
the second contact area may, for example, be located in,
on or close to the ears of the user if the accessory device
A is implemented as an earphone device. The third and
the fourth electrode E3, E4 may, for example, be in
contact with a third and a fourth contact area of the body
of the user.

[0072] The interface unit IlU may, for example, drive an
alternating current through the body via the first and the
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third electrode E1, E3, in particular by means of the
current source CS. The current may, for example, have
a value, in particular an effective value, in the order of pA
or tens pA. Consequently, an electromagnetic field may
be established within the body of the user due to the
driving of the current.

[0073] A voltage dropping across the second and the
fourth electrode E2, E4 is, for example, sensed by the
interface unit IU, in particular by the voltage sensing unit
VS. The interface unit IU may then, for example, deter-
mine an amplitude value of the sensed voltage and a
phase shift of the sensed voltage with respect to the
alternating current.

[0074] The interface unit IU or, alternatively, the appli-
cation processor may determine the body impedance of
the body of the user depending on the sensed voltage, in
particular depending on the amplitude value and the
phase shift.

[0075] The application processor or, alternatively, the
interface unit IU, may then for example determine at least
one biological parameter of the body depending on the
body impedance. The at least one biological parameter
may for example include a body fat percentage or another
parameter related to the body impedance.

[0076] Since the first and the second electrode E1, E2
may be located at increased spatial separations with
respect to the third and the fourth electrode E3, E4, an
accuracy of the determined body impedance may be
increased due to increased respective conducting paths.
Furthermore, since all calculations and computations are
for example performed by the host device H, in particular
by the interface unit IU and/or the application processor,
there is no need for a processing unit such as a micro-
processor or microcontroller unit in the accessory device
A.

[0077] The datacable Cis for example an audio cable.
The first line L1 is for example a ground line, a micro-
phone line or a speaker line of the data cable C. The same
holds for the second line L2.

[0078] Figure 2 shows an exemplary use case of a
further exemplary implementation of a BIA system ac-
cording to the improved concept. The BIA system of
Figure 2 may, for example, be implemented as explained
with respect to Figure 1.

[0079] Intheexampleof Figure 2,the accessory device
Aisimplemented as an earphone device with the firstand
the second speaker component EB1, EB2, for example
as earbuds with the first and the second earbud compo-
nent EB1, EB2. Figure 2 shows a user U wearing the
accessory device A. For example, when wearing the
accessory device A, the first and the second electrode
E1, E2 contact the body of the user U, in particular at orin
the user’s ears.

[0080] Furthermore, the user may, for example, hold
the host device H, for example implemented as a smart-
phone or a media player, in his hand. The third and the
fourth electrode E3, E4 may, for example, be arranged on
the outside of the host device H such that the user
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establishes a contact with respective third and fourth
contact areas in the user’s hand when holding the host
device H, in particular always when holding the host
device H in a designated manner. In some implementa-
tions, the third and the fourth electrode E3, E4 may be
arranged such that the user U has to touch the third and
the fourth electrode E3, E4, in particular intentionally, to
establish the contact.

[0081] A BIA system according to the improved con-
cept as shown in Figures 1 and 2 and used, for example,
as in Figure 2, may allow seamless measurement or
determination of the body impedance and/or the biologi-
cal parameter. In particular, the body impedance may for
example be determined without a dedicated action of the
user U being necessary except for wearing the accessory
device A and holding and/or touching the host device H.
[0082] Figure 3 shows a further exemplary use case of
a further exemplary implementation of a BIA system
according to the improved concept. The BIA system of
Figure 3 may, for example, correspond to the BIA system
of Figure 1 and/or Figure 2.

[0083] In Figure 3, the accessory device A may be
implemented as an earphone device, for example as
earbuds. However, in the use case of Figure 3, the
accessory device may also be implemented as another
type of accessory device such as, for example, a dedi-
cated accessory device for BIA having the first and the
second electrode E1, E2 or a wristband, wristband, an
ankle-band, a belt or a chest belt.

[0084] As in the use case of Figure 2, the user U of
Figure 3 may establish a contact between the third and
the fourth electrode E3, E4 and his body, in particular the
third and the fourth contact area, by holding the host
device H in his hand or by touching the third and the
fourth electrode E3, E4. Furthermore, the user U may for
example hold the accessory device A, in particular the
first and the second electrode E1, E2, in his other hand
and establish a contact to the first and the second contact
area of his body in this way.

[0085] Figure 4 shows a further exemplary use case of
a further exemplary implementation of a BIA system
according to the improved concept. The BIA system of
Figure 4 corresponds, for example, to the BIA system of
Figure 3.

[0086] In the use case of Figure 4, the user U may, for
example establish a contact between the first and the
second electrode E1, E2 and the first and the second
contact area of his body by applying the first and the
second electrode E1, E2 to a body part, for example a first
leg of the user U. Analogously, the user U may for
example establish a contact between the third electrode
and the fourth electrode E3, E4 with the third and the
fourth contact area of the body by applying the host
device H, in particular the third and the fourth electrode
ES3, E4, to a further body part, for example a second leg of
the user.

[0087] Figure 5 shows a further exemplary implemen-
tation of a BIA system according to the improved concept.
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The BIA system of Figure 5 is based on the BIA system of
Figure 1.

[0088] The accessory device A is, for example, imple-
mented as an earphone device. In contrast to the im-
plementation of Figure 1, the first and the second elec-
trode E1, E2 are not arranged on the first and the second
components EB1, EB2 of the accessory device A, re-
spectively. Instead, the accessory device A comprises a
control unit CU and the first and the second electrode E1,
E2 are, for example, arranged on an outside of the control
unit CU.

[0089] The control CU may, for example, be a volume
control unit of the accessory device and/or a control unit
for accepting, ending and/or rejecting a telephone call.
[0090] Figure 6 shows a further use case of a further
exemplary implementation of a BIA system according to
the improved concept. The BIA system of Figure 6 cor-
responds for example to the BIA system of Figure 5.
[0091] The user U establishes for example a contact
between the firstand the second electrode E1, E2 and the
first and the second contact area of his body by touching
or holding the control unit CU. The contact between the
third and the fourth electrode E3, E4 may for example be
established as described with respect to Figures 2, 3 and
4.

[0092] The use cases of Figures 3, 4 and 6 may for
example have the advantage of providing an improved
accuracy of the determined body impedance. This may,
for example, originate from the fact that the conducting
path for the alternating current driven through the body
via the first and the third electrodes E1, E3 may be
particularly long in these cases.

[0093] Figure 7 shows a block diagram of a further
exemplary implementation of a BIA system according
tothe improved concept. The BIA system of Figure 7 may,
for example, correspond to one of the BIA systems of
Figures 1 to 6. The accessory device A is for example,
implemented as an earphone device.

[0094] In the implementation of Figure 7, the first line
L1 is for example a ground line of the data cable C. In
particular, when the host device H and the accessory
device A are connected to each other via the data cable
C, the first line may for example connect a ground term-
inal of the accessory device GA to a ground terminal to
host device GH. Itis pointed out that the different ground
terminals GH of the host device shown in Figure 7 are for
example electrically connected to each other and the
various ground terminal so the accessory device GA
shown in Figure 7 are for example electrically connected
to each other.

[0095] The first terminal TC1 of the current source is,
for example, connected to the third electrode E3 and the
second electrode TC2 of the current source CS is, for
example, connected to the ground terminal GH of the
host device H. Furthermore, the first electrode E1 is, for
example, connected to the ground terminal GA of the
accessory device A. Consequently, in operation, the BIA
system may drive the alternating current by means of the
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current source CS via the ground line L1 of the data cable
C and via the first and the third electrode E1, E3 through
the body of the user.

[0096] The firstterminal TV1 of the voltage sensing unit
VS is, for example, connected to the fourth electrode E4
and the second electrode TV2 of the voltage sensing unit
VS is, for example, connected to the second line L2 via a
switch SH of the host device H. Furthermore, the second
electrode E2is, forexample, connected via a switch SA of
the accessory device A to the second line L2.

[0097] Forexample, the hostdevice Hmay comprise a
host microphone terminal TMH and the accessory device
A may comprise an accessory microphone terminal TMA.
The host microphone terminal TMH is connected to the
second line L2, for example via the switch SH of the host
device Hand the accessory microphone terminal TMA is,
for example, connected via the switch SA of the acces-
sory device A to the second line L2.

[0098] Consequently, depending on a switch position
of the switch SH, either the host microphone terminal
TMH or the second terminal TV2 of the voltage sensing
unit VS is connected to the second line. Analogously,
depending on a switch position of the switch SA, either
the accessory microphone terminal TMA or the second
electrode E2 is connected to the second line L2. If the
switches SH and SA connect the second terminal TV2 of
the voltage sensing unit VS and the second electrode E2
to the second line L2, the interface unit IlU may sense the
voltage drop over the second and the fourth electrode E2,
E4. On the other hand, if the microphone terminals TMH
and TMA are connected to the second line via the
switches SA and SH, respectively, the second line L2
may for example be used as a microphone line and
microphone data may be exchanged between the micro-
phone terminals TMH and TMA.

[0099] The accessory device A may, for example,
further comprise a switch control SC configured to oper-
ate the switch SA of the accessory device A, for example
depending on an enable signal ES. The enable signal ES
may, for example, be generated depending on a user
input, for example depending on a button press of the
user on accessory device A. Alternatively or in addition,
the enable signal ES may for example be generated by an
audio communication interface (not shown), in particular
by an accessory unit of the audio communication inter-
face. In particular, the audio communication interface
may control the switch SA to connect the accessory
microphone terminal TMA to the second line L2 if micro-
phone data shall be exchanged via the second line L2.

[0100] The switch SH of the host device H may, for
example, be operated by the application processor of the
host device H. For example, the application processor
may control the switch SH of the host device H to connect
the host microphone terminal TMH to the second line L2 if
microphone data shall be exchanged via the second line
L2.

[0101] Alternatively or in addition, the switch SH of the
host device may be controlled by the audio communica-
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tion interface, in particular by a host component of the
audio communication interface. The host componentand
the accessory component of the audio communication
interface may, for example, communicate to each other
via the data cable C.

[0102] In this way itis possible that, for example, both
switches SA, SH are controlled by the audio communica-
tion interface. For example, in case that microphone data
shall be exchanged via the second line L2, the audio
communication interface may control the switch SH of the
host device H and may, for example, generate the enable
signal ES to control the switch unit SC to control the
switch SA of the accessory device A in order to connect
both microphone terminals TMH and TMA to the second
line L2.

[0103] By means of the improved concept, BIA may be
performed by means of a portable electronic host device
H together with an accessory device A. Improved accu-
racy is for example achieved by using a four-terminal
measurement arrangement, where an effective conduct-
ing path between the respective electrodes is increased
by implementing two electrodes E1, E2 in the accessory
device A and two electrodes E3, E4 in the host device.

[0104] An implementation of four electrodes that are
electrically isolated from each other may be complicated
or hard to be implemented in a single portable electronic
device such as the host device H. In this respect, the
improved concept may provide an additional advantage.

Reference numerals

[0105]

A accessory device

H host device

EB1, EB2 components of accessory device
C data cable

L1, L2, LF lines of data cable

E1, E2, E3, E4 electrodes

VS voltage sensing unit

CS current source

U interface unit

U user

CuU control unit

TV1, TV2 terminals of voltage sensing unit
TC1,TC2 terminals of current source
TMH, TMA microphone terminals

ES enable signal

GA, GH ground terminals

SC switch control

Claims

1. Bioelectrical impedance analysis, BIA, system com-
prising a portable electronic host device (H) and an
accessory device (A) connectable to the host device
(H) via a data cable (C), the BIA system further
comprising
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- a first and a second electrode (E1, E2) ar-
ranged on an outside of the accessory device
(A) for contacting a first and a second contact
area of a body of a user (U), respectively;

- a third and a fourth electrode (E3, E4) arranged
on an outside of the host device for contacting a
third and a fourth contact area of the body,
respectively;

- a BIA circuitry comprised by the host device
(H), the BIA circuitry being connectable to the
first and the second electrode (E1, E2) via a first
and a second line (L1, L2), respectively, of the
data cable (C), connected to the third and the
fourth electrode (E3, E4) and configured to

- drive an alternating current through the
body via the first and the third electrode
(E1, E3);

- sense a voltage indicative of a body im-
pedance of the body via the second and the
fourth electrode (E2, E4); and

- determine the body impedance depending
on the sensed voltage; wherein

- the accessory device (A) comprises an ear-
phone device;

- the host device (H) comprises a smartphone, a
tablet computer, a notebook computer or a por-
table media player; and

- the first and the second electrode (E1, E2) are
arranged on respective positions of the ear-
phone device to contact the first and the second
contact area when the user (U) wears the ear-
phone device.

2. BIA system according to claim 1, wherein the BIA
circuitry comprises an interface unit (IU) configured
to

- drive the alternating current through the body
and to sense the voltage indicative of the body
impedance; and

- to determine an amplitude value of the sensed
voltage and a phase shift of the sensed voltage
with respect to the alternating current.

3. BIA system according to claim 2, wherein

-the interface unit (IU) is configured to determine
the body impedance depending on the ampli-
tude value and the phase shift; or

- the BIA circuitry comprises a processing unit of
the host device configured to determine the
body impedance depending on the amplitude
value and the phase shift.

4. BIA system according to claim 3, wherein the BIA
circuitry is configured to determine at least one bio-
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logical parameter of the body depending on the body
impedance.

BIA system according to one of claims 1to 4, wherein

- the BIA circuitry comprises a voltage sensing
unit (VS) for sensing the voltage indicative of the
body impedance; and

- the voltage sensing unit (VS) comprises a first
terminal (TV1) connected to the fourth electrode
(E4)and asecond terminal (TVV2) connectable to
the accessory device (A) via the second line
(L2).

BIA system according to one of claims 1 to 5, wherein

- the BIA circuitry comprises a current source
(CS) for driving the current through the body;
and

- the current source (CS) comprises a first term-
inal (TC1) connected to the third electrode (E3)
and a second terminal (TC2) connectable to the
accessory device (A) via the first line (L1).

BIA system according to claim 6, wherein

-the first electrode (E1)is connected to a ground
terminal (GA) of the accessory device (A) and
the second terminal (TC2) of the current source
is connected to a ground terminal (GH) of the
host device (H); and

- when the accessory device (A) is connected to
the host device (H) via the data cable (C), the
firstline (L1) connects the ground terminals (GA,
GH) of the accessory device (A) and the host
device (H) to each other.

BIA system according to one of claims 1 to 7, where-
in, when the accessory device (A) is connected to the
host device (H) via the data cable (C),

- the second electrode (E2) is connected to the
second line (L2) via a switch (SA) of the acces-
sory device (A); and

- the second terminal (TV2) of the voltage sen-
sing unit (VS) is connected to the second line
(L2) via a switch (SH) of the host device (H).

BIA system according to one of claims 1 to 8, wherein
the accessory device (A) comprises a control unit
(CU) and the first and the second electrode (E1, E2)
are arranged on an outside of the control unit (CU).

BIA system according to one of claims 1t0 9, wherein
the data cable (C) is implemented as an audio cable.

BIA system according to claim 10, wherein the sec-
ond line (L2) is useable as a microphone line oras a
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12.

13.

speaker line when the accessory device (A) is con-
nected to the host device (H) via the data cable (C).

BIA system according to one of claims 1 to 11,
wherein the first line (L1) is useable as a ground line
when the accessory device (A) is connected to the
host device (H) via the data cable (C).

Method for determining a body impedance using a
BIA system comprising a portable electronic host
device (H) and an accessory device (A) connected
tothe hostdevice (H) via a data cable (C), the method
comprising

- contacting afirstand a second contactarea ofa
body of a user (U) with a first and a second
electrode (E1, E2), respectively, arranged on
an outside of the accessory device (A);

- contacting a third and a fourth contact area of
the body with a third and a fourth electrode (E3,
E4), respectively, arranged on an outside of the
host device (H);

- driving an alternating current through the body
via the first and the third electrode (E1, E3) by
means of a BIA circuitry comprised by the host
device (H); and

- sensing a voltage indicative of a body impe-
dance of the body via the second and the fourth
electrode (E2, E4) by means of the BIA circuitry;
- wherein BIA circuitry is connected to the first
and the second electrode (E1, E2) via a first and
a second line (L1, L2), respectively, of the data
cable (C);

- the accessory device (A) comprises an ear-
phone device;

- the host device (H) comprises a smartphone, a
tablet computer, a notebook computer or a por-
table media player; and

- the first and the second electrode (E1, E2) are
arranged on respective positions of the ear-
phone device to contact the first and the second
contact area when the user (U) wears the ear-
phone device.

Patentanspriiche

1.

System fir die bioelektrische Impedanzanalyse
(BIA), das ein tragbares elektronisches Hauptgerat
(H) und ein Zusatzgerat (A) umfasst, das Uber ein
Datenkabel (C) mit dem Hauptgerat (H) verbunden
werden kann, wobei das BIA-System ferner Folgen-
des umfasst

- eine erste und eine zweite Elektrode (E1, E2),
die an der AuRenseite des Zusatzgerates (A)
angeordnet sind, um jeweils einen ersten und
einen zweiten Kontaktbereich des Korpers ei-
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nes Nutzers (U) zu kontaktieren;

- eine dritte und eine vierte Elektrode (E3, E4),
die an der AuBenseite des Hauptgerates ange-
ordnet sind, um jeweils einen dritten und vierten

bung zu bestimmen; oder

- die BIA-Schaltung eine Verarbeitungseinheit
des Hauptgerates, die dazu ausgebildet ist, die
Kérperimpedanz in Abh&angigkeit von dem Amp-

10

litudenwert und der Phasenverschiebung zu be-
stimmen.

4. BIA-System nach Anspruch 3, wobei die BIA-Schal-

Kontaktbereich des Kdrpers zu kontaktieren; 5 tung dazu ausgebildet ist, mindestens einen biologi-
- eine BIA-Schaltung, die von dem Hauptgerat schen Parameter des Korpers in Abhangigkeit von
(H) umfasst ist, wobei die BIA-Schaltung mit der der Kérperimpedanz zu bestimmen.
ersten und der zweiten Elektrode (E1, E2) je-
weils Uber eine erste und eine zweite Leitung 5. BIA-System nach einem der Anspriche 1 bis 4,
(L1, L2)des Datenkabels (C) verbunden werden 170 wobei
kann, mit der dritten und der vierten Elektrode
(E3, E4) verbunden ist und dazu ausgebildet ist, - die BIA-Schaltung eine Spannungsmessein-
um heit (VS) zum Messen der Spannung, die die
Korperimpedanz anzeigt, umfasst; und
- Uber die erste und die dritte Elektrode (E1, 15 - die Spannungsmesseinheit (VS) einen ersten
E3) einen Wechselstrom durch den Kérper Anschluss (TV1), der mit der vierten Elektrode
zu leiten; (E4) verbunden ist, und einen zweiten An-
- Uber die zweite und die vierte Elektrode schluss (TV2), der Uber die zweite Leitung
(E2, E4) eine Spannung, die eine Korper- (L2) mitdem Zusatzgerat (A) verbunden werden
impedanz des Korpers anzeigt, zu erfas- 20 kann, umfasst.
sen; und
- Kérperimpedanz in Abhangigkeit von der 6. BIA-System nach einem der Anspriiche 1 bis 5,
gemessenen Spannung zu bestimmen; wo- wobei
bei
25 - die BIA-Schaltung eine Stromquelle (CS) um-
- das Zusatzgerat (A) eine Kopfhorervorrichtung fasst, um den Strom durch den Kérper zu leiten;
umfasst; und
- das Hauptgerat (H) ein Smartphone, einen - die Stromquelle (CS) einen ersten Anschluss
Tablet-Computer, einen Notebook-Computer (TC1), der mit der dritten Elektrode (E3) ver-
oder einen tragbaren Media-Player umfasst; 30 bunden ist, und einen zweiten Anschluss
und (TC2), der liber die erste Leitung (L1) mit dem
- die erste und die zweite Elektrode (E1, E2) an Zusatzgerat (A) verbunden werden kann, um-
jeweiligen Positionen der Kopfhoérervorrichtung fasst.
angeordnet sind, um den ersten und den zwei-
ten Kontaktbereich zu kontaktieren, wenn der 35 7. BIA-System nach Anspruch 6, wobei
Nutzer (U) die Kopfhérervorrichtung tragt.
- die erste Elektrode (E1) mit einem Erdungs-
2. BIA-System nach Anspruch 1, wobei die BIA-Schal- anschluss (GA) des Zusatzgerates (A) und der
tung eine Schnittstelleneinheit (IU) umfasst, die dazu zweite Anschluss (TC2) der Stromquelle mit
ausgebildet ist, 40 einem Erdungsanschluss (GH) des Hauptgera-
tes (H) verbunden ist; und
- den Wechselstrom durch den Kérper zu leiten - die erste Leitung (L1) den Erdungsanschluss
und die Spannung, die die Kérperimpedanz an- (GA, GH) des Zusatzgerates (A) und des Haupt-
zeigt, zu messen; und gerates (H) miteinander verbindet, wenn das
- einen Amplitudenwert der erfassten Spannung 45 Zusatzgerat (A) Uber das Datenkabel (C) mit
und eine Phasenverschiebung der erfassten dem Hauptgerat (H) verbunden ist.
Spannung in Bezug auf den Wechselstrom zu
bestimmen. 8. BIA-System nach einem der Anspriche 1 bis 7,
wobei, wenn das Zusatzgerat (A) lber das Daten-
3. BIA-System nach Anspruch 2, wobei 50 kabel (C) mit dem Hauptgerat (H) verbunden ist,
- die Schnittstelleneinheit (IU) dazu ausgebildet - die zweite Elektrode (E2) uber einen Schalter
ist, die Kdérperimpedanz in Abhangigkeit von (SA) des Zusatzgerates (A) mit der zweiten
dem Amplitudenwert und der Phasenverschie- Leitung (L2) verbunden ist; und
55

- der zweite Anschluss (TV2) der Spannungs-
messeinheit (VS) Gber einen Schalter (SH) des
Hauptgerates (H) mit der zweiten Leitung (L2)
verbunden ist.
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BIA-System nach einem der Anspriche 1 bis 8,
wobei das Zusatzgerat (A) eine Steuereinheit (CU)
umfasst und die erste und die zweite Elektrode (E1,
E2) an einer AuRenseite der Steuereinheit (CU) an-
geordnet sind.

BIA-System nach einem der Anspriche 1 bis 9,
wobei das Datenkabel (C) als Audiokabel ausgefiihrt
ist.

BIA-System nach Anspruch 10, wobei die zweite
Leitung (L2) als Mikrofonleitung oder als Lautspre-
cherleitung verwendbar ist, wenn das Zusatzgerat
(A) Gber das Datenkabel (C) mit dem Hauptgerat (H)
verbunden ist.

BIA-System nach einem der Anspriiche 1 bis 11,
wobei die erste Leitung (L1) als Masseleitung ver-
wendbar ist, wenn das Zusatzgerat (A) Uber das
Datenkabel (C) mit dem Hauptgerat (H) verbunden
ist.

Verfahren zur Bestimmung einer Kdrperimpedanz
unter Verwendung eines BIA-Systems, das ein trag-
bares elektronisches Hauptgerat (H) und ein Zusatz-
gerat (A) umfasst, das Uber ein Datenkabel (C) mit
dem Hauptgerat (H) verbunden ist, wobei das Ver-
fahren Folgendes umfasst

- Kontaktieren eines ersten und eines zweiten
Kontaktbereichs eines Korpers eines Nutzers
(U) jeweils mit einer ersten und einer zweiten
Elektrode (E1, E2), die an einer AufRenseite des
Zusatzgerates (A) angeordnet sind;

- Kontaktieren eines dritten und eines vierten
Kontaktbereichs des Kdrpers jeweils mit einer
dritten und einer vierten Elektrode (E3, E4), die
an der Aul3enseite des Hauptgerates (H) ange-
ordnet sind;

- Leiten eines Wechselstroms durch den Kérper
Uber die erste und die dritte Elektrode (E1, E3)
mittels einer BIA-Schaltung, die von dem Haupt-
gerat (H) umfasst ist; und

- Erfassen einer Spannung, die eine Korperim-
pedanz des Korpers anzeigt, Uber die zweite
und die vierte Elektrode (E2, E4) mit Hilfe der
BIA-Schaltung;

-wobei die BIA-Schaltung mit der ersten und der
zweiten Elektrode (E1, E2) jeweils Uber eine
erste und eine zweite Leitung (L1, L2) des Da-
tenkabels (C) verbunden ist;

- das Zusatzgerat (A) eine Kopfhérervorrichtung
umfasst;

- das Hauptgerat (H) ein Smartphone, einen
Tablet-Computer, einen Notebook-Computer
oder einen tragbaren Media-Player umfasst;
und

- die erste und die zweite Elektrode (E1, E2) an
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11

jeweiligen Positionen der Kopfhdrervorrichtung
angeordnet sind, um den ersten und den zwei-
ten Kontaktbereich zu kontaktieren, wenn der
Nutzer (U) die Kopfhérervorrichtung tragt.

Revendications

Systeme d’analyse de l'impédance bioélectrique
(BIA) comprenant un dispositif héte électronique
portable (H) et un dispositif accessoire (A) pouvant
étre connecté au dispositif héte (H) via un cable de
données (C), le systeme BIA comprenant en outre

- une premiére et une deuxieme électrode (F1,
E2) disposées a I'extérieur du dispositif acces-
soire (A) pour entrer en contact avec une pre-
miére et une deuxiéme zone de contactdu corps
d’un utilisateur (U), respectivement;

- une troisieme et une quatriéme électrode (E3,
E4) disposées a I'extérieur du dispositif hote
pour entrer en contact avec une troisieme et
une quatriéme zone de contact du corps, res-
pectivement ;

- un circuit BIA compris dans le dispositif hote
(H), le circuit BIA pouvant étre connecté a la
premiére et a la deuxiéme électrode (E1, E2) via
une premiére et une deuxiéme ligne (L1, L2),
respectivement, du céble de données (C),
connecté a la troisieme et a la quatrieme élec-
trode (E3, E4) et configuré pour

- faire passer un courant alternatif a travers
le corps par la premiére et la troisieme
électrode (E1, E3);

- détecter une tension indiquant I'impé-
dance du corps par l'intermédiaire de la
deuxieme et de la quatriéme électrode
(E2, E4) ; et

- déterminer 'impédance du corps en fonc-
tion de la tension détectée; sachant que

- le dispositif accessoire (A) comprend un dis-
positif d’écouteur;

-le dispositif hote (H) comprend un smartphone,
une tablette électronique, un ordinateur portable
ou un lecteur multimédia portable; et

- la premiére et la deuxieme électrode (E1, E2)
sont disposées sur des positions respectives du
dispositif d’écouteur pour entrer en contact avec
la premiére et la deuxiéme zone de contact
lorsque I'utilisateur (U) porte le dispositif d’écou-
teur.

2. Systeme BIA selon la revendication 1, sachant que

le circuit BIA comprend une unité d’interface (IU)
configurée pour
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- faire passer le courant alternatif a travers le
corps et détecter la tension indiquant I'impé-
dance du corps ; et

- déterminer une valeur d’amplitude de la ten-
sion détectée et un déphasage de la tension
détectée par rapport au courant alternatif.

3. Systeme BIA selon la revendication 2, sachant que

- 'unité d’interface (IU) est configurée pour dé-
terminer 'impédance du corps en fonction de la
valeur d’'amplitude et du déphasage; ou

- le circuit BIA comprend une unité de traitement
du dispositif hote configurée pour déterminer
limpédance du corps en fonction de la valeur
d’amplitude et du déphasage.

Systéme BIA selon la revendication 3, sachant que
le circuit BIA est configuré pour déterminer au moins
un paramétre biologique du corps en fonction de
'impédance du corps.

Systéme BIA selon 'une des revendications 1 a 4,
sachant que

- le circuit BIA comprend une unité de détection
de tension (VS) pour détecter la tension indica-
tive de I'impédance du corps; et

- I unité de détection de tension (VS) comprend
une premiéere borne (TV1) connectée a la qua-
trieme électrode (E4) et une deuxiéme borne
(TV2) pouvant étre connectée au dispositif ac-
cessoire (A) par I'intermédiaire de la deuxieme
ligne (L2).

6. Systéme BIA selon 'une des revendications 1 a 5,

sachant que

- le circuit BIA comprend une source de courant
(CS) pour faire passer le courant a travers le
corps ; et

- la source de courant (CS) comprend une pre-
miere borne (TC1) connectée a la troisieme
électrode (E3) et une deuxiéme borne (TC2)
connectable au dispositif accessoire (A) via la
premiere ligne (L1).

7. Systeme BIA selon la revendication 6, sachant que

- la premiére électrode (E1) est connectée aune
borne de mise a la terre (GA) du dispositif ac-
cessoire (A) et la deuxiéeme borne (TC2) de la
source de courant est connectée a une borne de
mise a la terre (GH) du dispositif hote (H) ; et

- lorsque le dispositif accessoire (A) est
connecté au dispositif hdte (H) via le cable de
données (C), la premiére ligne (L1) relie les
bornes de mise a la terre (GA, GH) du dispositif
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accessoire (A) et du dispositif héte (H) I'une a
l'autre.

Systéme BIA selon 'une des revendications 1 a 7,
sachant que, lorsque le dispositif accessoire (A) est
connecté au dispositif hdte (H) via le cable de don-
nées (C),

- la deuxiéme électrode (E2) est connectée a la
deuxiéme ligne (L2) par I'intermédiaire d’un in-
terrupteur (SA) du dispositif accessoire (A) ; et
-ladeuxiéme borne (TV2) de I'unité de détection
de tension (VS) est connectée a la deuxiéme
ligne (L2) par l'intermédiaire d’'un commutateur
(SH) du dispositif hote (H) .

Systéme BIA selon 'une des revendications 1 a 8,
sachant que le dispositif accessoire (A) comprend
une unité de commande (CU) et la premiére et la
deuxiéme électrode (E1, E2) sont disposées a I'ex-
térieur de I'unité de commande (CU).

Systéme BIA selon 'une des revendications 1 a 9,
sachant que le cable de données (C) est réalisé
comme un cable audio.

Systéme BIA selon la revendication 10, sachant que
la deuxiéme ligne (L2) peut étre utilisée comme ligne
de microphone ou comme ligne de haut-parleur
lorsque le dispositif accessoire (A) est connecté
au dispositif hote (H) via le cable de données (C).

Systéme BIA selon 'une des revendications 1 a 11,
sachant que la premiére ligne (L1) peut étre utilisée
comme ligne de terre lorsque le dispositif accessoire
(A) est connecté au dispositif hote (H) via le cable de
données (C).

Méthode de détermination d’'une impédance du
corps a l'aide d’un systéme BIA comprenant un
dispositif héte électronique portable (H) et un dis-
positif accessoire (A) connecté au dispositif héte (H)
viaun cable de données (C), laméthode comprenant

- mise en contact d’ une premiére et d'une
deuxiéme zone de contact du corps d’'un utili-
sateur (U) avec une premiére et une deuxieme
électrode (E1, E2), respectivement, disposées a
I'extérieur du dispositif accessoire (A);

- mise en contact d’ une troisieme et d'une
quatrieme zone de contact du corps avec une
troisiéme et une quatrieme électrode (E3, E4),
respectivement, disposées a I'extérieur du dis-
positif hote (H);

- conduire un courant alternatif a travers le corps
viala premiére et la troisieme électrode (E1, E3)
au moyen d’'un circuit BIA compris dans le dis-
positif hote (H); et
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- détecter une tension indiquant I'impédance du
corps par I'intermédiaire de la deuxiéme etde la
quatriéme électrode (E2, E4) au moyen du cir-
cuit BIA;

- sachant que le circuit BIA est connecté a la
premiére et ala deuxieme électrode (E1, E2) via
une premiéere et une deuxieme ligne (L1, L2),
respectivement, du cable de données (C);

- le dispositif accessoire (A) comprend un dis-
positif d’écouteur;

- le dispositif hote (H) comprend un smartphone,
une tablette électronique, un ordinateur portable
ou un lecteur multimédia portable; et

- la premiére et la deuxieme électrode (E1, E2)
sont disposées sur des positions respectives du
dispositif d’écouteur pour entrer en contact avec
la premiére et la deuxieme zone de contact
lorsque I'utilisateur (U) porte le dispositif d’écou-
teur.
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